Short polymer Unlinked monomer

Dehydration removes a water
molecule, forming a new bond @

Longer polymer

(a) Dehydration reaction in the synthesis of a polymer

Hydrolysis adds a water @
molecule, breaking a bond

(b) Hydrolysis of a polymer
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Trioses (C;Hg05) Pentoses (C;H,,05) Hexoses (C¢H,,0¢)
H\c //O H\c /0 H\c /0 H§‘c //0
H—(':—OH H—(':—OH H—(!':—OH H—(!‘,—OH
) H—C—OH H—([:—OH HO—(l:—H HO—(I:—H
é I-ll H—t::—OH H—c::—ou Ho—(lI:—H
< Glyceraldehyde H—C—OH H—C—OH H—C—OH
Ill H—(l:—OH H—(ID—OH
Ribose I!I I-ll
Glucose Galactose
H H H
H—(|:—0H H—(I:—OH H—(':—OH
. ¢—o ¢—o
3 H—C—OH H—(l:—OH HO —(l:—H
g H H—C—OH H —?—OH
Dihydroxyacetone H—C—OH H—C—OH
Ill H —(li—OH
Ribulose Ill

Fructose
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\/

] 6 CHo.OH 6 CH,OH
H 2‘]: OH ‘ —O0—H H hemmm®
HO—(‘:—H \/‘ 3 /H N \/| 4
H—%C—0OH H /' N\ T / OH H /-
\ | o
Hﬁs(‘:_ on OH\ zCI:/ \ 2c/ ..
H—Gé—OH i oH N o
"
(a) Linear and ring forms (b) Abbreviated ring structure
1-4
glycosidic
CH,OH CH,OH CH,OH linkage CH,OH
H O H O H H o H O H
OH H OH H OH H OH H
Glucose Glucose Maltose
(a) Dehydration reaction in the synthesis of maltose
I
CH,OH CH,OH CH,OH ler?l?:éilc CH OH
H O H o
H
OH H 00 H HO OH H
HO CH,OH CH,OH
H OH L OH H
Glucose Fructose Sucrose

(b) Dehydration reaction in the synthesis of sucrose
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Chloroplast Starch

Mitochondria Glycogen granules

[ D
&%
Glycogen

Amylopectin
» *
(a) Starch: a plant polysaccharide (b) Glycogen: an animal polysaccharide
Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
N
(a) a and B glucose CH.OH CH.OH
ring structures 2 He é - 2
HO—(;:—H —
H— (‘: OH
H—C—OH
a Glucose H_(‘:_OH B Glucose
[
H

CH,OH CH,OH CH,OH CH,OH

8888 G689

(b) Starch: 1-4 linkage of o glucose monomers (b) Cellulose: 1-4 linkage of § glucose monomers
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Cellulose
microfibrils

in a plant

cell wall

Microfibril

Cellulose
molecules

“OH CH,OH GOH|  CH,OH

B Glucose ;
monomer:
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H O, oH
H
OH H
OH H
H I\llH
e
(a) The structure (b) Chitin forms the (c) Chitin is used to make
of the chitin exoskeleton of a strong and flexible
monometr. arthropods. surgical thread.
9
H o H H H H H H H
| Se A AL A A A A s
H—C—C@ ®/ \c/l\c/[\c/|\c/|\c/|\c/|\c/|\c/
’\|H|H]H|H|H|H|H|
H H H H H H H H
H—C—OH
| D Fatty acid
H—C—OH (palmitic acid)
H
Glycerol

(a) Dehydration reaction in the synthesis of a fat

Ester linkage
—

I ol H H H H H H H
||I|*|'I*|'I*|'I'I*I*|'I*I‘I*|'I*|‘
"'—“T_°:5\(I;/‘l’\cl;/‘f\?/‘l:\cl;/‘l’\?/‘f\?/‘f\(l;/‘f\(l:/“
g iy B g B

H H H H H H H
II|*|'I*|'I*|'I'|*I*|'I'I‘I'|‘I*|‘
“—‘f‘r_o_ E\‘\(I;/‘l:\cl;/?\?/?\(l;/‘l’\cl;/‘f\?/‘l’\(l;/‘f\(l;/“
H
B e e T ey

(b) Fat molecule (triacylglycerol)
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< ===
————

T 9
Structural H—(l:—ofg\/\/\/\/\/\/\/\/\
formula of a H— 0  AAAAAAAA
saturated fat ] o
molecule HY O AN

H ’ 4
Stearic acid, a y !
acid

(a) Saturated fat

H o
| |
H—b—0=C A NAAIN

| o

Structural formula u—¢—o—& AN A

of anunsaturated | o

fat molecule H—?—O—CW
H: 3

Oleic acid, an

unsaturated

fatty acid |
cis double 1

bond causes
(b) Unsaturated fat bending
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CH,—N(CH,),

E ‘::.'12 _________________ Choline
g P
0 o Y T
z ey Phosphate
[ ]
o —
'E CH, ?H CH, GlycerOI
> O DR, Yoo
I |ommencmmmrnamer e
c=0 C=0
0
k]
(&)
8 Fatty acids
<
: Hydrophilic
: @ head "
©
E !
Hydrophobic
i ta¥|s P
(a) Structural formula (b) Space-filling model (c) Phospholipid symbol
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CH,
CH,

HO
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An Overview of Protein Functions

Type of Protein

Enzymatic proteins

Structural proteins

Storage proteins

Transport proteins

Hormonal proteins
Receptor proteins
Contractile and

motor proteins

Defensive proteins

Function
Selective acceleration of
chemical reactions

Support

Storage of amino acids

Transport of other
substances

Coordination of an
organism’s activities

Response of cell to
chemical stimuli

Movement

Protection against disease

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Examples

Digestive enzymes

Silk fibers; collagen and elastin in animal connective tissues; keratin in
hair, horns, feathers, and other skin appendages

Ovalbumin in egg white; casein, the protein of milk; storage proteins in plant
seeds

Hemoglobin, transport proteins

Insulin, a hormone secreted by the pancreas
Receptors in nerve cell membranes
Actin and myosin in muscles, proteins in cilia and flagella

Antibodies combat bacteria and viruses.

Glucose

Fructose

Po

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

OO

Substrate
(sucrose)

(sucrase)

Enzyme e




Amino
group

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Carboxy
group

17

Nonpolar
GH, CH, CHy
ct, CH, cH CH,
H CH cH CH H,C—CH
| /0 3 /0 [ /0 2 /D 3 [ //O
HnN‘—ﬁI:—C HyN+—C—c{ n,w——r}:—c HgN+—C—C{ HN*—C—C’
H z L H : i A H o
Glycine Alanine Valine Leucine Isoleucine
(Gly or G) (Alaor A) (Val or V) (Leuorl) (lle or 1)
CH VAR
N () oty
i NH e M o
CHa H,N*- —c<
CH, CH, | o
| °/ Jopt H
HyN*—C—C’ HN*—C—C
| o I %
H H
Methionine Pheny i Trypotph Proline
(Met or M) (Phe or F) (Trp or W) (Pro or P)
Polar
OH NH, O
N7
2N NH, O ¢
§ N2/ [
OH oM cH, SH \1/ [ (‘ZH?
CH, CH CH, CH, CH, CH,
o 2 o ) 2 Jo )
| | | 4 4
H,N'—t‘:—c‘i HGN'—c—cf H,N'—c—c{\ H N* (‘: —cf H,N'ft‘ifc/ H,N'*%*C(
W Weoo o o I

Serine Threonine  Cysteine Tyrosine

Asparagine Glutamine

(SerorS) (ThrorT) (CysorC) (TyrorY) (AsnorN) (GInorQ)
Electrically
charged
Ac)iﬂc Basic
~ ~ ~ =
- NHg* NH, —NH*
Q o Q o] L 2 \
et Bege CH, (‘::NH,’ N\>H
(‘:Hz o CH, ?Hz NH (‘:H2 0
N —C—C “:Hz o ?Hz CH, HyN*—C—C’
H : nan-fcfcf (‘IH, 0 CH, ,‘1 Yo
n o H,M’*(‘:70< cH, 486
oo H,N’—é—c/
| o
H
Aspartic acid Glutamic acid Lysine Arginine Histidine
(Asp or D) (Glu or E) (LysorK) (ArgorR) (His or H)
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Peptide
bond
C|)H SH
I
CH2 CH» CH2
! ‘| " |
e e @ O g o
H H O H O
? (1,0
OH
OH SH Side chains
| Peptide |
CH> CH> bond CH2
a | ]
H—N—(|3—(|'|,‘—N—(|3—(|I|2—N—C|:—C"2—OH Backbone
(0] H O H O
t t
Amino end Carboxyl end
(b) (N-terminus) (C-terminus)

OH

4

N\

e

roove

(a) A ribbon model of lysozyme (b) A space-filling model of lysozyme
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Antibodlprotein Protein from flu virus
A
- ~ ~

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Primary Secondary Tertiary Quaternary
Structure Structure Structure Structure

amino acid
subunits
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Hydrophobic
interactions and
van der Waals
interactions

Polypeptide
backbone

Hydrogen
HO—C pond

CH,—S—S—CH,

Disulfide bridge

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Polypeptide
chain

a Chains
Hemoglobin

Collagen
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carrying oxygen.

Normal hemoglobin

Primary primay
structure 12 3 4 56 7
[ Y
= )
Secondary r/ { Secondary
and tertiary - \/ B subunit and tertiary
structures \: ( structures
\ \\7 \\
\\ \77/‘
' :
\
3 o
\ =
- {
a 7\‘\5
Quaternary Normal & Quaternary
structure hemoglobin \ & structure
(top view) ( \
ﬁ \ & \\\
- \
Se \
\\
| N |
Function Molecules do =Y Function
not associate
with one
another; each Q
carries oxygen. q q
10 pm
Red blood Normal red blood Red blood
cell shape cells are full of cell shape
individual \
hemoglobin
moledules, each

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Sickle-cell hemoglobin

Val His,LeyThr,Pro,Val .Glu

12 3 4 5 6 7

Exposed
hydrophobic
region

Sickle-cell

J
hemoglobin \ %
o

18

\ a /
ol

Molecules ".,:‘( ~
interact with <2
one another and Wi 4
crystallize into ir
afiber; capacity +
to carry oxygen W “ =

is greatly reduced. .-~ ~

Fibers of abnormal
hemoglobin deform
red blood cell into
sickle shape.

B subunit

25
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Denaturation
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Correctly

folded \
protein £h
Polypeptide ’g,
O
Hollow ‘
cylinder /
Chaperonin Steps of Chaperonin  @The cap attaches, causing the® The cap comes
(fully assembled) ~ Action: cylinder to change shape in off, and the properly
@An unfolded poly- such a way that it creates a folded protein is
peptide enters the hydrophilic environment for released.

cylinder from one end. the folding of the polypeptide.

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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N/

o Synthesis of
mRNA in the
nucleus J

NUCLEUS

CYTOPLASM

mRNA

9 Movement of
mRNA into cytoplasm
via nuclear pore

Ribosome

9 Synthesis
of protein

Polypeptide
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5 end

Nitrogenous bases

Nucleoside

Nitrogenous
base

Pyrimidines
e i it
(o] CH
'i‘é \(l.T.H Hbl‘/C\ﬁ/ 3 HT/C\(]?H
0”7 \N/CH oéc\N/CH 0¢C\N/CH
H H H

Cytosine (C) Thymine (T, in DNA) Uracil (U, in RNA)

3’ end

(a) Polynucleotide, or nucleic acid

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

(o] Purines

Il
0-P-0——0CH, ¢ S~ NH, 0

= C (o]

g MN~c"SN /N~c” " >NH
Phosphate HC | | HC\ I |

group Sugar N/C\N¢CH N/c\N¢ “NH.
(pentose) H H
Adenine (A) Guanine (G)
(b) Nucleotide
Sugars

Deoxyribose (in DNA)

Ribose (in RNA)

(c) Nucleoside components: sugars

29
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Sugar-phosphate
backbones

Base pair (joined by
hydrogen bonding)

Old strands
Nucleotide
about to be

added to a
new strand
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Large Biological Molecules

Concept 5.2
Carbohydrates serve as fuel and
building material

Concept 5.3

Lipids are a diverse group
of hydrophobic molecules
and are not macromolecules

Concept 5.4

Proteins have many structures,
resulting in a wide range of
functions

Concept 5.5
Nucleic acids store and transmit
hereditary information
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Components

Monosaccharide monomer

Glycerol
‘ } 3 fatty acids
R Head
\J with@®
[

72 fatty
(¢ acids

Steroid backbone

R
H\ ‘ /O
IN=—C—C
.

Amino acid monomer (20 types)

Nitrogenous base

Phosphate
group

®—CH; o

Nucleotide monomer

Examples

Monosaccharides: glucose,
fructose

Disaccharides: lactose, sucrose

Polysaccharides:

« Cellulose (plants)

« Starch (plants)

+ Glycogen (animals)

« Chitin (animals and fungi)

Triacylglycerols (fats or oils):
glycerol + 3 fatty acids

Phospholipids: phosphate group
+ 2 fatty acids

Steroids: four fused rings with
attached chemical groups

« Enzymes

« Structural proteins
« Storage proteins

« Transport proteins
« Hormones

« Receptor proteins

+ Motor proteins

« Defensive proteins

YA/ AN/ AN
= deoxyribose
« Nitrogenous bases = C, G, A, T
« Usually double-stranded

RNA: /7NN

« Sugar = ribose

« Nitrogenous bases = C, G, A, U
« Usually single-stranded

Functions

Fuel; carbon sources that can be
converted to other molecules or
combined into polymers

« Strengthens plant cell walls

« Stores glucose for energy

« Stores glucose for energy

« Strengthens exoskeletons and
fungal cell walls

Important energy source
£

Lipid bilayers of membranes

Hydrophobic
Hydvcphm(é
heads

tails
« Component of cell membranes
(cholesterol)
« Signals that travel through the
body (hormones)

9
i

« Catalyze chemical reactions

« Provide structural support

« Store amino acids

« Transport substances

« Coordinate organismal responses
« Receive signals from outside cell
« Function in cell movement

« Protect against disease

Stores all hereditary information

Carries protein-coding
instructions from DNA to protein-
synthesizing machinery
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